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SUMWRY -

,:.~.
As part of an in~estigatioriof specialco&p6sitions

of rubber suitablefor”use as diaphragmsfor “aircraftin-
struments,six sampleswere used as taut diaphragmsin in- ..
strurnentsand allowed to age for five years. Two of the
instrumentswere in,operating“conditionafter this period n-----
of time and one had remarkablylittle change in perforu-
ancec In making the rubber tetramethylthiuram disulphide
was employedas a vulcanizingagents .

.

INTRODUCTION . .
i

*

It is recognizedthat rubber with good aging charac-
teristicswould be of %alue as a materialfor making dia-
phragms for sensitivepressure indicators,owing to its
large deflectionsas comparedwith other materials comi~on-
ly used. Rubber diaphragmswhich ware used’previous to
1924, have performed satisfactorilyfor a s,bortperiod of
time, but owing to the rapiditywith whiblithb.rubber de-
teriorated,the instrumentsrequired frequentrecalibra-
tion and ultimatelybecame unfit for use in a much shoi*t-

e,r time”than is desirable,

As a contributiontoward solvingthis pro%lom, the
Wreau of Standards,with the financialassistanceof the
NationalAdvisory Committeefor Aeronautics,investigated
in 1924, the behavior of a number of compositionsof rub-
ber containingacceleratorsat that time known,‘Those
sampleswere prepared at the %reau of Standardsby Dr-
A. T!,iicPhersonand were testedby the senior author and
C* T. 3uckingham* Six of the compositionshaving the best
performancefrom those prepared and testedwere used as,
diaphragmsin air-speedindicatorsand ,testedover an ad-
ditionalaging period of five years. Data were obtainod
on four of these instrumentswhich are briefly preseilted
in this report.
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The compositionof the rubbg,y-:s~mples_onwhich data
were obtainedas diaphragms,is given in Table I.

-.
The

identificationmtirnlier”-of”the instruh~nt in which each dia.
phragm was installedfor test is also given in the table,,,. -... .. . .-:,, ...-.

TABLE I

Compositionof Rubber and VulcanizationData

Material” “
..,0

.:

Rubber (smokedsheet)‘, : 0

Z3.naoxide

Tetrai,lethylthiuramdisulphide
(Tuads) .,

Sulphur

Methylamino-para-phenolsul-
phate (Idetol).~ .,

Time of vulcanizationin min-
utes .

Temperatureof vulcanization
in ‘c

InstrumentNo..
1 14 I X_l_2s ...
Per cent by weight

85.75

9.0

3-,*o

0.25

2.0
,1’.
,.
5

.

141

85.’75

9.0

3.0

0.25

2.0

3

141.

..

87*75

9.0

5.0

0.25

-.

25

,.
121

80.0

,10;0

10.0

6.0:-
.. -,,

127

~,~etolwas employedas an ingredientwith the tho~~ht —.
that it”might functionas an antioxidant. None of the ~ —
commercial–antioxidantsnow used in ru%berwere available
at tho time ,thesesa~pleswere prepared.,.

. .. ...*’” .. . .

.
,

.. . . .,—

. . . :., ,,,,’ .“.’ ,....’ ,.s,”. I._.
L..



‘ti,”A.C.“A.”?eChni:C&l”:i?ote’“No”,’’465 3

., y. ;- ‘::.?~s~~W~I;?~:U! t“ii-STIi7Jg;pNT-8 - ~“: ‘”:” “ ‘:. “:”, ” :. :-. :. ,.’. .“,,..
.,., ,,. ” .-’. . .+. . ..--.,, .-, ., .

.“

: ~hb:s.amp’les w“er6 a~”ta’che.dWh-ile“-~aut”to mounti~g ~
riti’g”sin “.thb’manner d.e”s”c,ii.h’ed”“by.E’aton”a,gd’Buckingham~
(Reference1.) E“ach”‘mounttn&ring and diaphragmwas then
installedin the case ,ofan Ogilvie air-speedindicator,
A“.~3’~w.:~f-~“-ai:afihragm jn ‘Orie O? the” instrumentsiS shown
in F’i’~.&*,.~.~”~:’‘“” .“’. .““1, .... . - .

.... ... ..~.’ -....~.“., ... . t“’,
‘“The”j“&at&s &hen’th”erub%er yas”,tikde“andin%tailed in

~he””’l~strurnent%.arti“given,in Tabl& ~1,”..The range of each
instrument&n”dth$‘:co”ir6spond~ng””pointbrdeflectionin
degrees!oY”arc”’are‘a}so“givenin’th”?ltable,-...., -.,,... ..-..: .-,,:........”.. .. ..

i ..... .-!, ..”....-;.,... .. . :.”... ...:.J... ,,, ..
,. , ,.., ... ,... ,, .-’TA~LW II

Inst&ment”
Ident:No~.“

1t

14
a

.

15

. “16

m..1 “’water.
*.. . , 11:2’ ‘“”

./.’
11.2315. , ~ ,..

“315 ‘~~“. ‘7.1 “

~go., ,“ ,“12b* ?.

.,.

Jan., 1924 Feb., 192,6.,

Jan., 1924 July, 1925

Jan,, 192.4.July, 1925

Sept.j1924 July, 1925
.,, . .- .-..,,-. : . . . . .‘, .. . ‘“.,...

, The d~ameterof’each“diaphragmwasl84 millimeters
(q.~inches). The tip of the pointer of”these instruments
has”a-mot$onwhich is 23 times the deflectionof“,thedia-
phragm, which is.,a comparativelySmall multiplicationfac-
tor. The radtus of‘thepointer to the,tip is 41 mm (10~
in.).

,.. . .“. .. . . .
.. -. DESCRIPTIONAND RESULTS OF iESTS

,.. ... ” .“.
-----. . . . ..... .,.

It was planned to have“theinstru~e~~s’in servicea~
the Langley MemorialAeronauticalLaboratoryand to check
the:~o~d$ti.og’of tihe:rubtiey~”by.:tep~i~g:?he:.ine$ruments Pe-
.. ...., ...... -....... ................>...-.::e.....-:-----t.!..-“
*fio~~obt~i~}~;,etaien4s””300.:@8gr+es10.-”.)..

.......... .,..:’.
.,.,;..::.,,-i-,,.. ...........-:.,, ..-.... .,:. .,, .-. . ,,.
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riodically. It is not knotinhow ‘muchser%iceuse the in-
strumentsreceivedbut this factor is of probably little
signif:f.cancecompared to the effect of lapse of time and
temperature. The temperatureduring the.summ,ermonths .
can be taken as the air temperatureat theabove labora-
tory at.LangleyField,.H~pton, Virginia. “

In each test the diaphragmsof the instrumentswere
subjectedto a number of differentialpres=res, first
with t;~epressure,increasin.g,,an.dthen with the pressure
decreasing..These,preseures.we~.emeasured@y means of a
suitab,l.emanometer..The instrumentreading-wasindicated
or-ia scale graduated,in units of ai:rspeedwhich were
without difficultyconvertedto units of pressure,thus
obtaininga readingdirectlyproportionalto the deflec-~
tion of the diaphragm. The instrumentswere given this
test.while.atro9.rn,.t.e~perature(25!c)and a! -lo°Cm.

All.of the instrumentswere given the firstseries
of tests in 1926, two were again tested in,.1927, aridthe
remainingtwo in 19310 Therewere six instrumentsorigi-
nally, two of.which proved defectivemechanicallyduring
the ~ests.!:InstrumentNO. 1,5could not be tested in 1931,
as its diaphragmhad becomeuseless~ a rupture along the
‘cirqumfereBcehaying occurrqd,

,T.hecurve showingthe qrrorsfor instrumentNo. 14
giv& in Fi,gure2, is typicalof the curves o,btai.ned.

,.
A summaryo“fthe te,st~esults i.~.givg.~.!~,Tqb.1.P.’,I.?.?.Q

The averageincreaseia stiffnessdue tothe.lapse
of time given in Table 111 is“thedifferencein the slopes
of the curves for increasingpressuresobta_inedat the be-
ginniigand the end of the”time”interval. _Thus~for in-
strument‘No.14~:th6value at room temperatureis the
differencein slope of linesA and B in Figure 2- . .

The averakkincrea~kin-stfff%esswi.t~ decreasein
temperaturewas determinedsimilarly- For instrumentNo.
14 the value for 1931 is the diffe-Fencein slope of lines
A and(! in”Figure2“andfor””1926,the di.fi?brencein slope
of lines B and D;-’ .“.” .

,. .,,.
.,The zero.shlf.t.with .the.laps.eo.ft$Pe.is..g~v.eQ.in..

terms of pointer motian.i+.degree,s,of.arc.,The.prefix..,E
means that the reading iicreasedwith time’and L; that
it decreased, In Figure 2, the ordinate E gives the

-
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zero shift in units of pressure,.,whichhas %een converted
into degrees of p~in’termotio”nusing the data of Table II
and on the assumptionof a straightline relation between
diaphragindeflectionand differentialpre;s’sure..

.. .. !,
The-hysteresisis the differe’nce:’i.n’-fheerrors at a

Eiven reading of the instrument,obtainedfirst when the
piessurewas increased’to the maximum and then when de-
creased ho zero again:. Thus in Fi@&ii2”,’”FL, F2, etc.
are values of the’.hystiere”sis..The:”’avebage.hysteresisin
per cent of range is the average of the hysteresisat
equal intervalsof t’hereading between tho first and max-
imum reading dividedby the maximum reading. Thus in Fig-
ure 2, the averagehysteresisin tho upper curve is

FI +F~ -.--F, (=O),.,.:.,.,. ““.’
,.. ;7 - ; .::..:-:”.,:,:..:-‘“ . ..

. .,. ,...,
This value, when div~ded by 12.7~ ,the.maxirnumr,eadingi~’
pr.essure’unitsyand mul.tipl.ied..by100,..givqs1.0, the’ ;
quantityreportedinf!ableIII. ., . . .,..

.,.. -.
.
:.. . .. . . .

—. . .

I ‘In.6trumentNo. “
. . . . ., . . -

------------++‘Averageincreasein stiffness~n
p~r cent from 192S to 1927,
at *25°C - . .J3W1.,
at‘-lo”c ~“ +8.1
~~&m..L926to 1931 at +25°C ~ ‘n.,

at -lo”c .-.....,.
Avora~e.increasein stiffnessin
per ;ent from temperatureof ~t
-t-250(j..to-lO°C in 192S.

. . . in 1927.. .. in ~931.“., ,,..-...
Zero shift in degrees of
deflectionfron 1926 to
at +25°C
at -lo”c

,,
po*nt
1927

..
-.,.

~r:..

+2.6
+7.6

.,

O.lH
o

from 1926to 1931 at +25 C!
at -lo c

14 .

.. .

.-
0.-..

.,0

+2.5

+2.5
.,
;..

3H
2H

~

15

+1.5
-1.5
..-,
.-

.. .,,

;7.9
1-4.9

3H
3L

15

-.,...
*8.O
-3.7
,.

-Om8

+3.5

2H
0.0
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TABLB.111(COnto) .,-!

Average hysteresisin percent
of range in 1926 to +25°C

and at -lO°C .

in 1927 ~~&i ‘+2WJ
and at -lO°C

& .193”3 at +25°”0
“ and at -lO°C

..

Q*4
2●.4

,-

~L

;

0.8 “-
.-

,-

1.0
1,0

0.1
3*8

0.1

0.4
0,3

DISCUSSION

The data given in !Fable”’111are of value principally
as a yardstickwith which to compare the aging character-
istics of rubber compositionsavailablein 1924 with the
best of those nQw ayaila’bluef~r test. The rubber installed
in instrument’NO”.3’4’apparently,basthe best performance;
in fact, no appreciablechange“incalibrationor other
characteristicsof instrumentperformancewere observed.
It shouldbe noted, howeve.retha,ta sllghtchange in cal-
ibrationhad teen observe’d.during the first year of t~e,.
life,of .the~mzbber.

NOt enoughdata areavailable towarrant any correla-
tion between the specificcompositionof the diaphragms
and their performance. Thus, for examplejthe composi-
tion of’the rubberUsed in instrumentNo, 1 and instrument
N& 14 tire’identical’except for the slightdifferencein
t’irneof vulcanizationbut the performanceof the two in-
s’trumentsdiffersfar more than appearsreasonable. A
furtherpoint which may or may not be significantis the
fact that the stiffnessincreasedin the case of-instru-
ments Nos. 1 and 15, while on the other hand it decreased
in the case-ofinstrumentNo. 16. This maybe partly
causedby differencesin the initial tensionunder which
they are mounted. This tensionmay be reduced by the Ilsett’
of the rubberwhich reduces the stiffnessof the diaphragm.
The increasein stiffnessis cause-dhy oxidationof the
rubber.

,
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rig. 1 View of ~b~er diaph~ mounted in =
inSt*ent. l?ote We s~le =rang~ent

for ~tip~ing the notto~ of the diaphra+p.
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